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PEEFACE TO SECOND EDITION. 



The First Edition of the Tables having become ex- 
hausted, the Author has thought it only right, before 
reprinting, to bring some parts of the work more 
nearly up to date. 

For that purpose he has entirely rewritten Tables 
X., XI., XII. and XV., relating to Eainfall and Analysis 
of Water, availing himself for that purpose of more 
recent observations and researches ; and the Intro- 
ductory Eemarks have been altered in accordance. 

The subject of Flow in Pipes and Channels has 
been investigated by numerous authorities, both mathe- 
maticians and engineers, during the past seventeen 
years, and many series of experiments have been made 
under varying circumstances. 

No formula has, however, yet been arrived at which 
can be universally accepted as superseding that on 
which the Tables are based, and the Author does not 
think any apology necessary for reproducing them as 
they are. 

He has, however, endeavoured in the Introductory 
Chapter to make some comparison between them and 
the results obtained by other methods, and so to indi- 
cate more fully than he did before the limits within 
which they should be relied on for practical use. 

6 Delahat Street, Westminsteb. 
February, 1901. 



PREFACE. 



It has been found that the Engineering Pocket Books 
in most general use give comparatively little information 
relating to Sewerage and Water Supply. And even the 
large and valuable works of the late Mr. Beardmore and 
others contain somewhat abridged Tables applicable to the 
calculations most frequently required in designing and 
carrying out works of moderate size. 

The Tables in this book have been calculated from time 
to time by the author to meet 'his own requirements. 
Thinking it probable that other engineers will have 
experienced the same want as himself, he has now been 
induced to make them public. The greater part have 
been used in manuscript for some years ; but a few 
additional Tables have been recently added in order to 
make the work more complete. 

Every precaution has been taken, as far as possible, to 
guard against errors both in the calculations and printing. 
If however, notwithstanding, any mistakes should be dis- 
covered, the author will be greatly obliged by having them 
pointed out to him. 

6, Delabat Stbeet, Westminbteb, 
November 1883. 
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DESCRIPTION AND REMARKS ON 

THE 

USE OF THE TABLES. 



Tables I. and II. show the quantities of water in 
gallons per foot contained in pipes, wells, tanks, &c., 
of given dimensions, and require no explanation. 

Tables III. and IV. give the discharge in gallons 
per minute of water passing through sluices and over 
weirs under ordinary conditions. Correction is re- 
quired in case of bell-mouthed or specially formed 
orifices, and also where there is any considerable 
velocity of current in approaching the outlets ; but 
the notes at the heads of the Tables, to which atten- 
tion should be directed, will enable this to be made 
with sufficient accuracy for most practical purposes. 

Table V. shows the velocity and discharge under 
varying conditions of flow in circular sewers and 
conduits, from 9 inches to 6 feet in diameter. 

In designing and carrying out sewerage works, it 
is important to know not only the maximum canyiug 

B 



2 KEJfAfiKs ON THE trsK 0? THE Tables. 

ca;pacity of the sewers, but also the effect proiluced 
by the much smaller quantity which will be gener- 
ally flowing through them. This is essential in 
order to ascertain whether flushing will be required, 
and if so, what quantity of water will be Heeded fbi 
the purpose. The Table consequently shows, not 
only the maximum discharge and velocity of each 
kind of sewer under the most favourable circum- 
stadces, but also the discharge and velocity of the 
same sewers when foil to one-half, one-quarter, and 
one-eighth only of their heights respectively. If a 
sewer should at any time run quite full, its discharge 
will be somewhat less than that indicated in the 
fourth column, the velocity of current being in that 
case considerably diminished by friction against the 
top. With any circular conduit the velocity when 
full is exactly the same, and the discharge just 
double that when half-full ; the precise figures for a 
sewer running full may therefore be ascertained, if 
required, from the third column of Table by doubling 
the discharge. 

A velocity of 150 feet per minute, or 2J feet per 
second, is generally considered sufficient to remove 
all obstacles of the ordinary character found in 
Bewer3. The quantity of water required to produce 
this velocity in each case is given in the last column 
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of the same Table, and will be found especially useful 
in designing flushing arrangements. 

Table VI. gives precisely similar information for 
egg-shaped sewers, as Table V. for circular sewers. 

Table VII. gives the discharge of pipes from 
|-inch to 3 feet diameter, when running full at 
various inclinations or pressures. It should be re- 
membered that the velocity of water passing through 
a line of pipes of any considerable length depends 
not on the inclination of any particular section, but 
on the hydraulic gradient throughout, or ratio of 
head of water to length of pipe ; the " head " being 
the difference of level between the surface at or 
above the upper end of the pipe, and that of the 
cistern or pond into which it delivers, or if it has a 
free outlet, the lower end of the pipe itself. This 
velocity, except for slightly increased friction at 
bends, is entirely independent of the course of the 
pipes, whether laid at a uniform inclination or othei- 
wise, also whether commencing at or below the 
upper surface and discharging, if not freely, at or 
below the lower surface. 

The formula which has been used in the cal- 
culations for Tables V., VI. and VII. is that 

B 2 
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known as Eytelwein's : — Velocity in feet per 
second = 94-25 \/S^ where E is the so-called 
'hydraulic mean depth," i.e. the sectional area 
divided by the surface in contact, and S the slope 
or inclination expressed fractionally, e. g. y Jq or g^^ . 

The constant number 94-25 has, of course, been 
arrived at as the result of experiments made from 
time to time in different kinds of pipes and channels 
with varying inclinations. 

It has, however, long been known that this 
formula gives generally too high results for small 
pipes, and too low results for larger pipes and 
channels ; and many other and more complicated 
formulae have been from time to time devised in 
order to accord more nearly with more recent actual 
observations and experiments. 

In addition to the alterations of flow due to the 
size, shape and inclination of channels, there is also 
considerable variation caused by the nature of the 
surface in contact with the water, in what degree it 
is smooth or rough. 

The following Table gives some idea of the vary- 
ing results that would be arrived at by using the 
coefficients or formulae of different observers; the 
figures given being those which they would in each 
case substitute for the constant 94-25 used in the 
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Tables. When two figures are given, the difference is 
due to difference of inclination within moderate limits. 



IF 


DaTcy. 


Kutter. 

For Iron 

Pipes in Fair 

Condition. 


Professor Unwin. 


^ ( 


For 
Clean 

Iron 
Pipes. 


For 
Rusted 

Iron 
Pipes. 


Mean 


For Clean 
Iron Pipes. 


For In- 
crusted 
Pipes. 


Mean 


Tables. 


2 in. 

3„ 
■6 „ 
12 „ 
18 „ 

2 ft. 

3 „ 
4„ 


93 

98 
105 
109 
110 
111 
111-5 
112 


66 
69 
74 
77 
78 
79 
79 
80 


79 
83 
89 
93 
94 
95 
95 
96 


49-5 to 49 

57 „ 55 

71 „ 69 

87 „ 85 

96 „ 94 

103 „ 101 

111 „. 109 

118 „ 116 


108 to 104 
112 „ 109 
116 „ 113 
120 „ 116 
124 „ 120 
128 „ 124 


72 
76 
78 
81 
83 
85 


89 
93 
96 
99 
102 
105 


94-25 



It will be seen that, according to all the observa- 
tions, the Tables will give correct results for pipes of 
a medium size, and too low results for larger ones ; 
excepting only in the case of incrusted iron pipes, for 
which the Tables are too high, even with the largest size. 

Kutter' s figures are calculated from a very elabor- 
ate formula,* containing a coefficient which may be 

* Velocity in feet per second = ,^ "*" — ; , wliere 

» M + V B 

M = w(41-6+ '"'^^^), and n for ordinary pipes = -013. 

In order to ascertain with facility tte discharge of pipes from 
2 to 48 inches in diameter, at varying inclinations, in accordance 
with this formula, Messrs. B. B. & G. M. Taylor have drawn and 
published a set of diagrams to a large scale showing curves from 
which they can be read off by inspection. 
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varied for different kinds of material, but the figures 
in the column above are those considered applicable 
to ordinary cast or wrought iron pipes, or to sewers 
or culverts of good brickwork or unglazed stoneware. 
For coated or enamelled iron pipes, or for glazed 
stoneware pipes, Kutter would use a multiplier 
giving somewhat higher figures. 

As, however, sewers constructed of glazed pipes 
have necessarily joints not more than 3 feet apart 
and somewhat irregular, the Author is of opinion 
that they should be classed with ordinary rather than 
with specially smooth or enamelled pipes, and that, 
so far as Kutter's formula is correct, the figures in 
the Table should apply generally to sewers also. 

The Author has himself experimented on the 
velocities in long lengths of a glazed pipe sewer 
2 feet in diameter, running a third to a quarter full, 
at various inclinations, and has found that the 
formula on which the Tables are based, gives fairly 
accurate results in all cases. But when he had made 
similar trials in a 5 -feet sewer, he found the Tables 
considerably too low. He has not had the oppor- 
tunity of testing pipes running full, but as the water 
flowing in a 2-feet sewer one-third deep has the 
same hydraulic mean depth as that of a 15-inch 
sewer running full, he would conclude that in that 
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case also the Tables would be correct, although for 
sizes larger than 15 inches somewhat too low. This 
agrees approximately with Kutter. 

With reference to pipes under 2 inches in diameter, 
both Darcy's and Kutter's coefficients would make 
the figures given in Table VII. much too high, but a 
series of experiments on lead pipes by Professor 
Osborne Eeynolds showed them in fact only a little 
high, whereas another formula, Neville's,* makes 
them io some eases too low. 

For pipes of this kind, whether iron or lead, in 
straight lines of considerable length, and known to 
be in perfect condition, the Author — on considera- 
tion of all the evidence so far recorded — would be 
disposed to make a small deduction from the Tables, 
say aboiTt 5 per cent, for one inch, and 10 per cent. 

• Neville's formula, which bae been largtly used, and on whicli 
are based the TaMeg of Flow contained in Huret's and Moles- 
worth's Poeket-Bookfl, is difficult to oompare with others, as it 
eliows the velocity composed of two parts, one proportional to 
the square roots, and the other to the cube roots, of the hydraulic 
me.an dnpth and incliuation. Thus, velocity in feet per second 
= HOiv'RS — 11 \/KS. This formula makes the flow in small 
pipes with considerable fall larger instead of smaller than the 
Tables — in fact, makes the Tallies too low for J-inch pipes steeper 
than 1 in 50, for 1-ineh pipes steeper than 1 in 100, 3-inch steeper 
than 1 in 250, 6-inch steeper than 1 in 500, 12-inch steeper than 
1 in 1250, 24-ineh steeper than 1 in 3000, and for larger sizes, 
whatever tlie inclination, the greatest difference for 36-inch pipes 
being about 17 per cent. But for flatter gradients the Tables for 
all tbe smaller sizes are, aeooiding to this formula, too high. 
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for i-inch diameters. But pipes of these dimensions 
as generally used for house services and similar 
purposes, are subject to so many irregularities, such 
as sharp bends, angles, contractions or other obstacles 
to flow, that a much greater deduction is, in practice, 
really always necessary. In fact, a better approxi- 
mation to the actual discharge could generally be 
arrived at by calculating from a smaller diameter of 
pipe— say, by taking the mean between the figure in 
the Table for the required diameter, and that for the 
next size lower. 

For iron pipes exceeding 3 inches diameter, if of 
the best kind, coated inside, or quite new and perfect, 
the Author would suggest an addition to the figures 
contained in Tables, varying generally from 5 per 
cent, for 6-inch to 15 per cent, for 36-inch diameters. 

But for iron pipes not so good in condition, and 
generally for stoneware pipes or sewers running full 
or half-full, he would consider the Tables correct for 
diameters of either 12, 15 or 18 inches, according to 
circumstances ; for smaller sizes than these he would 
make a small deduction, and for larger sizes an addi- 
tion of about 5 per cent, for each foot in diameter. 

As to flow in pipes and sewers running less than 
half-full, no general rule can be given applicable to 
varying depths and forms of section, without first 
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calculating the hydraulic mean depth ; but it may be 
remarked that the hydraulic mean depth of a circular 
sewer running a quarter full will be approximately 
the same as that of one a little more than half the 
size half full, and that of one running an eighth full 
approximately the same as one of a little more than 
a quarter the size half full. But where sewage, not 
clear water, is the material to be dealt with, it is 
obvious that the flow in small pipes, or shallow 
channels, cannot be calculated with accuracy, as 
deposit on the sides and bottom may reduce the 
sectional area at any point very considerably. 

Table VIII. is intended to assist in designing the 
capacity, of sewers, and shows at a glance the quan- 
tity of sewage, irrespective of rain and surface water, 
which should be allowed for given populations. In 
certain cases (see note at foot of Table), the allow- 
ance for rain may also be calculated on the basis of 
population with the help of the last column of the 
Table, but under ordinary circumstances this should 
be taken in proportion to area, as shown by Table IX. 
next following. 

Table IX. shows the quantity of water due to rain- 
fall over given areas, and the quantities in gallons 
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per minute, when running off at different rates 
of flow. The latter columns of the Table are 
intended for calculating the capacity of sewers ; and 
the second and third columns for estimating the 
quantity of water that can be collected from areas 
and gathering grounds for irrigation or water supply. 
The areas dealt with range from 100 square feet 
(representing the roof of a small building) to one 
square mile. 

Tables X., XI., XIT., are rainfall Tables, for the 
information contained in which the Author is in- 
debted to Mr. H. Sowerby Wallis, who succeeded the 
late Professor Symons as the recorder of British 
Eainfall. 

Tables XIII. and XIV. are intended to facilitate 
the preparation of preliminary reports and rough 
estimates for works of water, supply, and show the 
approximate dimensions of reservoirs, filter beds, 
main pipes, pumping machinery, &c., required for 
the supply of given populations. It is not of course 
asserted that the constant numbers assumed in the 
headings of the columns are universally applicable ; 
and some few, e. g. 100 feet lift to be pumped, are 
necessarily arbitrary. But the differences due to 
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variations in these conditions can be ascertained 
generally either by inspection or by a short calcula- 
tion, and results may be thus arrived at with much 
greater facility than if the Tables were not available. 

Table XV. gives results of analyses of potable 
waters. To engineers and others, not constantly or 
very frequently engaged in investigating the quality 
of water, the figures presented by an analysis convey 
little information without some readily available 
standard of comparison. This it is endeavoured to 
afford by means of this Table, which contains the 
results of analyses of well-known waters from nearly 
every description of source. 

For many of these the Author is indebted to 
Dr. Voelcker; others are from analyses by Messrs. 
Dibdin, Campbell, Thresh, and other well-known 
chemists. 

Tables XVI, and XVII. give the quantities of 
brickwork per yard in sewers, culverts, &c., and 
require no explanation. 

Table XVIII. gives the weight per yard of cast- 
iron pipes adapted to different pressures of water. 
These weights have been arrived at not by theoretical 
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calculation, but by a careful comparison of the speci- 
fications and recent practice of experienced engineers. 
They agree, however, nearly with the calculated 
strengths as given by Mr. Box in his Hydraulic 
Tables. The weights for various safe heads found in 
Table 14 of Beardmore's ' Manual of Hydrology,' are 
certainly insufficient according to recent practice. 

Table XIX. gives the weights per yard of lead 
service pipes of five different qualities as described 
in the note appended to the Table. 
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Table I. — Quantity of Watee contained in Pipes, Wells, and 
CiROULAE Tanks, per foot in length or depth. 



JDiam. 


ContentB 


Diam. 


Contents. 


Diam. 


Contents. 


Diam. 


Contents. 


jinches. 


gals, per 
foot 


ft. 


in. 


gals, per 
foot 


feet. 


gals, per 
foot 


feet. 


gals, per 
foot 


1 


•005 


1 


9 


15 


11 


594 


90 


39,7.58 


•008 


2 





196 


12 


7 17 


100 


49,I).S8 


1 


•019 


2 


3 


2i-8 


13 


829 


110 


59,.Si)6 


1 


•034 


2 


6 


30-7 


U 


962 


120 


70,685 


1* 


•076 


2 


9 


37-1 


15 


1,104 


130 


82,95'; 


2 


•135 


3 





44-2 


16 


1,256 


140 


96,211 


2i 


•212 


3 


3 


51-8 


17 


1,418 


150 


110,447 


3 


•305 


3 


6 


60-2 


If* 


1,590 


160 


125,664 


4 


•54 


3 


9 


69'0 


11 


1,772 


170 


141,802 


5 


•85 


4 





78-5 


20 


1,963 


180 


159, OH 


6 


1'22 


4 


6 


99-4 


25 


3,0.i8 


190 


177,200 


7 


1^66 


5 





122-7 


3!) 


4,418 


2110 


]96,3.'i0 


8 


2-17 


5 


6 


148 5 


35 


6,013 


250 


3116,796 


9 


2-75 


6 





176 7 


40 


7,854 


300 


441,788 


10 


3^39 


6 


6 


207-4 


45 


9,940 


350 


601,322 


11 


4'12 


7 





240-5 


50 


12,272 


4110 


785,400 


12 


4-91 


7 


6 


276-1 


55 


14,850 


500 


1,227,190 


13 


5^75 


8 





814-2 


60 


17,671 


600 


1,767,1.50 


14 


6-67 


8 


6 ' 


354-7 


65 


20,740 


700 


2,405,290 


15 


7-67 


9 





397-6 


70 


24,053 


800 


3,141,600 


16 


8-72 


'• 9 


6 


443 


75 


27,611 


900 


3,975,751 


18 


11-04 


l" 





490-9 


80 


31,416 


1000 


4,908,750 



Table II. — Quantity of Water contained in Square Cisteens or 
Tanks, per foot in depth. 



Length 




Length 




Length 




Length 




of 


Contents. 


of 


Contents. 


of 


Contents. 


of 


Contents. 


Side. 




Side. 




Side. 




Side. 




ft. in. 


gals, per 
foot 


ft. In. 


gals, per 
foot 


feet 


gals per 
foot 


feet 


gals, per foot 


1 


6-25 


6 


205 


25 


3,906 


90 


50,625 


1 6 


14-06 


7 


306 


30 


5,625 


100 


62,500 


2 


25-00 


8 


400 


35 


7,756 


125 


156,250 


2 6 


39-06 


9 


506 


40 


10,000 


150 


140,625 


3 


56 25 


10 


62.5 


45 


12,656 


200 


250,000 


3 6 


77-56 


11 


756 


50 


15,625 


300 


562,500 


4 


100-00 , 


12 


900 


60 


20,500 


400 


1,000,000 


4 6 


126-56 


15 


1,406 


70 


30,625 


500 


1,562,500 


5 


156-25 


20 


2,500 


80 


40,000 


1000 


6,250,000 
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Table III.— Flow of Watee through Sldices and Oienings. 

Note. — The " Head of .Water " in the Table must represent the depth from 
the surface to the centre of the opening ; or if the opening be submerged, then 
the difference of level between the surfaces above and below. 

If the opening be bell-mouthed, or be a sluice having curved side walls 
properly tapering inwards to the narrowest part, the discbarge will be greater 
than that shown by the Table, to the extent of, in case of the best form of 
opening, about 50 per cent. 





Discharge 






Discharge 






Discharge 






l')iscbarge 


Head 


per Square 


Head 


per Square 


Head 


per Square 


Head 


per Square 


(if 


Foot in 


, 


f 


Foot in 


of 




Foot in 







Foot in 


Water. 


Area of 


Water. 


Area of 


Water. 


Area of 


Water. 


Area of 




Opening. 






Opening. 






Opening. 






Opening. 


ft. in. 


galls, per 
minut^ 


ft. 


_ 
in. 


gall-*, per, 
minute 


ft. 


in. 


gaUs.'per 
minute 


ft. 


in. 


gals, per 
minute - 


i 


382 


2 


3 


2,813 


8 


3 


5,385 


16 


6 


7,616 


1 


541 


2 


6 


2,964 


8 


6 


5,466 


17 





7,731 


li 


663 


2 


9 


3,110 


8 


9 


5,546 


17 


6 


7,844 


2 


765 


3 





3,248 


9 





5,625 


18 





7,956 


2i 


856 


3 


3 


3,379 


9 


3 


5,702 


18 


6 


8,064 


3 


937 


3 


6 


3,507 


9 


6 


5,779 


19 





8,173 


3i 


1,014 


3 


9 


3,631 


9 


9 


5,854 


19 


6 


8,280 


4 


1,082 


4 





3,751 


10 





5,929 


20 





8,385 


5 


1,210 


4 


3 


3,865 


10 


3 


6,004 


21 





8,590 


6 


1,326 


4 


6 


3,977 


10 


6 


6,075 


22 





8,796 


7 


1,432 


4 


9 


4,080 


10 


9 


6,148 


23 





8,991 


8 


1,530 


5 





4,192 


11 





6,219 


24 





9,184 


9 


1,624 


5 


3 


4,295 


11 


3 


6,288 


25 





9,375 


10 


1,712 


5 


6 


4,398 


11 


6 


6,358 


26 





9,558 


11 


1,794 


5 


9 


4,495 


11 


9 


6,427 


27 





9,744 


1 


1,875 


6 





4,592 


12 





6,495 


28 





9,920 , 


1 1 


1,951 


6 


3 


4,687 


12 


6 


6,628 


80 





10,269 


1 2 


2,025 


6 


6 


4,779 


13 





6,759 


32 





10,605 


1 3 


2,096 


6 


9 


4,872 


13 


6 


6,888 


34 





10,933 


1 i 


2,165 


7 





4,960 


14 





7,015 


36 





11,253 


1 5 


2,231 


7 


3 


5,048 


14 


6 


7,139 


38 





11,557 


1 6 


2,296 


7 


6 


5,135 


15 





7,262 


40 





11,857 


1 9 


2,480 


7 


9 


5,219 


15 


6 


7,382 


45 





12,. 577 


2 


2,651 


8 





5,302 


16 


C 


7,502 


50 





13,256 
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Taijle IV.— Flow of Watek over "Weies. 

Note, — The "Depth " must represent difference in level between the sill 
of the weii' and the surface of still water above it. If the water approaches 
the weir with a current having a percept ble velocity, the discharge will be 
greater than that shown by the Table to an extent depending on the velocity ; 
a velocity of 2 feet per secood will be equivalent generally to about half an 
inch, and a velocity of 3 feet per second to about three-quarters of an inch 
additional depth. 
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Table X. — Annual Kainfall. 
Average Rainfall for 30 Years (1870-1899) in British Isles. 



Division. 


County. 


Station. 


Helglit 
alwve 
Sea. 


Average 
Bain&U. 




England. 




ft. 


in. 


I. 


Middlesex 


London (Camden Square) ., 


Ill 


26-16 


II. 


Surrey- 


Eeigate (Nutwood) 


410 


30-11 




Kent 


Selling (Harefield) 


217 


29-55 




Sussex .. .. 


Eastbourne (Osborne House) 


12 


30-98 




Hants 


Oabome (Newbam Cottage) 


172 


28-12 




J) 


Alton (Ashdell) 


433 


33-20 


III. 


Herts 


Hitchin (Wratten) 


238 


24-66 




Bucks 


High, Wycombe .. .. ,. 


2,53 


24-93 




Oxford .. .. 


Oxford (Magdalen College) 


18fi 


24-54 




Northampton . . 


Wellingboro (Croyland Abbey) .. 


160 


25-31 




Cambridge 


Ely (Stretham) .. 


42 


22-16 


IV. 


Essex 


Chelmsford (High Street) .. .. 


RR 


22-96 




Suffolk .. .. 


Ixworth (Walsham-le- Willows) .. 




25-87 




Norfolk .. .. 


Geldeston , 


38 


23-93 




») 


HUlington School 


94 


27-17 


V. 


Wilts 


Marlborough (Mildenhall) .. .. 


456 


30-19 




Dorset . . . . 


Wimbome Minster (Chalbury) .. 


338 


31-06 




Devon . . . . 


Ashburton (Druid House) .. 


572 


52-91 




»» . . 


Barnstaple (Athenaeum) .. .. 


25 


38-32 




Cornwall .. 


St. Austell (Trevama) .. .. 


300 


47-16 




Somerset . . 


B. Harptree (Sherborne Eeservoir) 


338 


41-16 


VI. 


Hereford . . 


Ross (The Graig) 


213 


29-51 




„ , " 


Kington (Lynhales) 


566 


33-56 




Salop 


Church Stretton (Woolstaston) .. 


800 


33-04 




)> 


Adderley Rectory 


277 


29-13 




Stafford .. .. 


Burton (Rangemoor) 


4?,4 


28-01 




Worcester . . 


North wick Park .^ 


410 


29-22 


VII. 


Leicester .. 


Thornton Eeservoir 


371 


26-48 




Liuooln 


Homcastle (Revesby) 


1.35 


24-77 




Notts 


Worksop 


56 


24-54 


VIII. 


Cheshire . . 


Woodhead Reservoir 


660 


48-85 




Lancashire 


Ormskirk (Rufford) 


,39 


33-71 




»» 


Cartmel (Holker) 


155 


43-69 


IX. 


York, W. Riding 


South Milford Rectory 


70 


26-08 




»T " ») 


Arncliffe Vicarage 


734 


60-96 




" ^ " 


Hull (Pearson Park) .. .. 


fi 


27-02 




,. N- ., 


OldMalton 


75 


26-71 




>i 1* 1* 


Bedale (Thorpe Perrow) .. .. 


170 


27-09 
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Table X. — continued. 



Division. 


County. 


Station. 


Height 
above 
Sea. 


Average 
Bainlall. 




England — eont. 




ft. 




X, 


Durham .. 
Northumherland 

Gumherland 

Westmorland . . 


Wolsingham 

Haltwhistle (Unthank Hall) . . 
Ilderton (Lilbum Tower) .. 
Whitehaven (Irish Street) .. .. 

Carlisle (Cemetery) 

Kendal (Ivy Garth) 


464 
380 
300 
21 
114 
146 


34 
35 
.29 
41 
31 
50 


75 
•44 
•19 
29 
64 
41 




Wales. 








XI. 


Pembroke . . . . 
Carnarvon ' 

Scotland. 


Haverfordwest (High Street) .. 
Llanystumdwy (Salarvor) .. 
Llandudno (Warwick House) .. 


95 
49 
90 


47-88 
35-82 
30-98 


XII. 


Dumfries .. .. 


Durrisdeer (Drumlanrig Castle) 


191 


44 


28 


XIII. 


Selkirk .. .. 
Berwick . . 


Galashiels (Abbotsford Boad) . . 
Marchmont House 


416 
500 


33 
34 


82 
91 


XIV. 


Lanark 

Ayr 

Eenfrew . , 


Bothwell Castle 

Girvan (Pinmore) 

WaulkGlen 


146 
187 
280 


28 
48 
46 


92 
87 
91 


XVI. 


Kinroas 

Perth 

Forfar .. .. 


Loch Leven Sluice 

Loch DrunMe 

Cralgton 


360 
420 
481 


36 
63 
37 


20 
09 
73 


XVII. 


Aberdeen .. 
Elgin or Moray 


Braemar 

Gordon Castle 


1114 
107 


36 
30 


07 
41 


XVIII. 


InTemesa .. .. 


Loch Shiel (Glenaladale) .. .. 


50 


105 


29 


XIX. 


Sutherland 
Ibeland. 


Golspie (Dunrobin Castle) . . 


14 


31 03 


XX. 


Waterford.. .. 


Portlaw (Mayfield) 


70 


42 


38 


XXI. 


Wexford .. .. 
Wioklow .. 
Carlow 


Gorey (Courtown House) . . 

Bray"(Fas3aroe) 

Carlow (Browne's Hill) .. .. 


80 
250 
291 


35 
40 
34 


72 
65 
14 


xxn. 


Gal way .. .. 


Ballinasloe 


160 


37 


04 


XXIII. 


Cavan 

Armagh .. .. 
Down 
Tyrone 


Belturbet (Red Hills) 

Armagh Observatory 

Seaforde 

Omagh (Edenfel) 


.208 
205 
180 
280 


35 
31 

38 
37 


19 
36 
61 

85 
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Table XI. — Monthly ahd Annual Eainfali. 
(1) Eainfali at Camden Square, London, during each Month for 42 Tears, 

1858-1899. 



Year. 


Jan. 


Feb. 


Mar. 


April 


May 


June 


July 


Ang. 


Sept. 


Oct. 


Nov. 


Dec 


Total. 


1858 




n. 

■88 


1 


,n. 
•80 




in. 
•69 


2 


n. 
90 


2 


n. 
76 




m. 
•92 


3 


n. 
•01 


1 


n. 
•10 




n. 

85 


1 


in. 
58 




m. 
53 


1 


IB. 

75 


in. 

18^77 


1859 




•72 


1 


•23 


1 


33 


2 


61 


2 


13 


2 


90 


2 


•93 


2 


65 


4 


04 


2 


53 


2 


90 


2 


24 


28-21 


1860 


1 


97 


1 


25 


1 


87 


1 


45 


3 


57 


5 


47 


2 


26 


4 


48 


2 


92 


1 


77 


2 


72 


2 


51 


32 24 


1861 




43 


1 


93 


2 


43 


1 


30 


1 


39 


2 


13 


2 


42 




94 


2 


15 


1 


05 


4 


65 


1 


45 


22-27 


1862 


1 


92 




31 


3 


69 


2 


30 


3 


06 


2 


43 


2 


61 


2 


74 


2 


19 


3 


50 


1 


13 


1 


71 


27^59 


1863 


2 


80 




67 




85 




52 


1 


27 


4 


86 




92 


1 


44 


3 


49 


1 


62 


1 


84 


1 


31 


21-59 


1864 


1 


02 




85 


2 


62 




82 


1 


86 


1 


28 




62 


1 


33 


2 


55 


1 


13 


2 


49 




36 


16-93 


1865 


3 


90 


2 


01 


1 


12 




33 


3 


40 


2 


21 


2 


33 


4 


10 




55 


6 


22 


1 


96 


1 


35 


29-48 


1866 


3 


90 


3 


72 


1 


69 


1 


76 


2 


03 


3 


98 


1 


19 


2 


76 


3 


89 


2 


32 


1 


73 


2 


63 


31-60 


1867 


2 


81 


1 


44 


2 


48 


2 


36 


2 


45 


1 


22 


4 


30 


2 


63 


2 


23 


1 


92 




86 


1 


59 


26-29 


1868 


3 


89 


1 


21 


1 


28 


1 


50 


1 


58 




78 




45 


2 


28 


1 


74 


2 


54 


1 


03 


5 


12 


23-40 


1869 


2 


76 


2 


48 


1 


97 


1 


28 


3 


27 


1 


03 




62 


1 


26 


3 


56 


1 


87 


2 


38 


2 


94 


25-42 


1870 


1 


38 


1 


21 


2 


31 




47 




70 




83 


1 


22 


2 


69 


2 


00 


3 


68 


1 


76 


3 


07 


21-32 


1871 


1 


99 


1 


27 


1 


19 


2 


84 




92 


3 


49 


4 


12 




85 


5 


28 


1 


34 




60 


1 


13 


25-02 


1872 


3 


46 




96 


2 


66 


1 


39 


3 


05 


2 


55 


2 


57 


2 


05 


1 


64 


5 


20 


3 


98 


4 


35 


33-86 


1873 


2 


44 


1 


96 


1 


46 




55 


1 


56 


2 


24 


2 


81 


2 


87 


2 


46 


2 


97 


1 


87 




48 


22-67 


1874 


1 


18 




91 




39 


1 


26 


1 


14 


2 


05 




82 


1 


32 


2 


62 


3 


34 


2 


21 


1 


58 


18^82 


1875 


3 


22 


1 


06 




69 


1 


53 


1 


61 


2 


40 


4 


63 


1 


79 


2 


86 


4 


35 


3 


36 




94 


28^44 


1876 




94 


1 


97 


2 


96 


1 


90 




94 


1 


27 




81 


1 


79 


2 


86 


1 


40 


3 


07 


6 


25 


26 16 


1877 


4 


74 


1 


78 


2 


38 


2 


59 


1 


91 




42 


3 


94 


2 


23 




82 


1 


97 


3 


88 


1 


51 


28-17 


1878 


1 


31 


1 


49 


1 


12 


4 


97 


3 


89 


6 


71 




64 


6 


72 




83 


1 


99 


2 


95 


1 


46 


34-08 


1879 


2 


87 


3 


77 




91 


2 


72 


3 


46 


4 


76 


4 


17 


5 


11 


3 


67 




80 




72 




86 


33-82 


1880 




31 


2 


33 




79 


2 


15 




26 


4 


04 


5 


11 




45 


4 


04 


5 


78 


1 


85 


3 


17 


30-28 


1881 


1 


85 


3 


09 


2 


30 




46 


1 


52 


1 


72 


1 


85 


4 


89 


2 


03 


2 


99 


2 


75 


2 


47 


27-92 


1882 


1- 


30 


1- 


30 


1 


35 


2 


83 


1 


20 


2 


30 


2 


95 


1 


48 


2 


39 


4 


96 


2 


57 


2 


51 


27-14 


1883 

1884 
1885 


2 
2 
1- 


08 
30 
43 


3- 

1 

2 


62 
40 
86 


1 
1 


86 
41 
65 


1 

1 
2 


56 
02 
32 


1 
2 


97 
78 
63 


1 
2 
1 


35 
84 
99 


2 
2 


92 
46 
52 




93 
89 

85 


3 
1 

4 


83 
77 
30 


1 
3 


75 
99 
73 


2 
1 
3 


78 
92 
31 


2 

1 


75 
57 
05 


24-40 
20-35 
26-64 
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Table XI. — continued. 



Year. 


Jan. 


Feb. 


Mar. 


April 


May 


June 


Jnlj 


Aug. 


Sept. 


Oct. 


Not. 


Dec. 


Total. 


1886 


in. 
4-02 


in. 
■53. 


in. 
1^38 


in. 
1-22 


1 
4 


n. 
79 


in. 
•63 


2 


n. 
37 




76 


in. 
1^73 


1 
2 


n. 
43 


1 
2 


n. 
71 


in. 
434 


ii 
27 


01 


1887 


1-26 


•48 


1^65 


1^41 


1 


45 


•91 


1 


07 


3 


15 


1^81 


1 


24 


3 


40 


1 


38 


19 


21 


1888 


•90 


•78 


3-34 


237 


1 


18 


2-31 


4 


91 


3 


61 


143 


1 


23 


4 


38 


1 


29 


27 


73 


1889 


•81 


2^28 


1^36 


206 


3 


22 


203 


2 


64 


1 


80 


r77 


3 


75 




89 


1 


23 


23 


84 


1890 


2^46 


1^04 


1-76 


2^02 


1 


25 


2^82 


4 


19 


1 


55 


■64 


1 


20 


1 


62 




68 


21 


23 


1891 


1-80 


■01 


2^01 


113 


2 


72 


■86. 


3 


82 


4 


75 


103 


4 


80 


1 


98 


3 


24 


28 


15 


1892 


•50 


1^62 


1^04 


■99 


1 


51 


2^46 


1 


62 


3 


06 


2^12 


3 


78 


2 


53 


1 


37 


22 


60 


1893 


1-44 


2^87 


•32 


■24 




80 


■73 


2 


46 


1 


61 


1^07 


3 


87 


2 


16 


2 


23 


19 


80 


1894 


2^87 


174 


118 


1^74 


1 


85 


1-84 


3 


25 


2 


85 


1-04 


4 


45 


2 


85 


2 


28 


27 


94 


1895 


1-96 


■12 


1-42 


1^34 




34 


•30 


3 


42 


3 


09 


1^28 


2 


84 


3 


17 


2 


19 


21 


47 


1896 


■78 


•29 


320 


■55 




14 


2^27 


1 


03 


1 


92 


5-51 


3 


05 


1 


17 


3 


61 


23 


52 


1897 


205 


275 


342 


1-57 


1 


08 


1-87 




64 


2 


92 


2^75 




56 


1 


05 


2 


20 


22 


86 


1898 


■73 


1^08 


146 


1-01 


2 


26 


111 


1 


09 


1 


18 


■33 


2 


96 


1 


94 


2 


54 


17 


69* 


1899 


2^52 
2'00 


2^00 
1-58 


•50 
168 


2^84 
1^67 


1 
1 


38 
91 


1^49 
219 


1 
2 


45 
33 


2 


70 
31 


2^65 
2-35 


2 
2 


03 

70 


4 
2 


13 
33 


1 
2 


05 
12 


22 


54 


Mean 


25 


20 



Greatest fall in one civil year (1878), 34 •08. 

„ „ twelve months (March 1878 to February 1879), 37'92 
„ „ six mi-nths (March to August 1878) 24*P6. 
„ „ three months (March, April. May 18"8), 15 •57. 
„ „ two months (December 1876. January 1877), 10*99 
M „ one month (August 1878), 6*72. 
Least fall in one civil year (1864), 16*93. 
„ „ twelve months (October 1897 to September 1898), 14 06. 
„ „ six months (December 1873 to June 1874), 6*36. 
„ „ four months (December 1873 to March 1874), 2 96. 
„ „ three months (February, March, April, 1863), 1*94. 
„ „ two months (March, April, 1893), '56. 
„ „ one month (Fi-bruary 1891), * 01. 
Least average of three consecutive years (1897-8-9), 21*03. 



• This was the total fall regiatpred at Cflmden Square, but much lower records were obtained at 
other stations at lower elevation, viz. at Shorf'ditch. 14*30; East Ham, 14*08; Barking Out£all. 
13*01* thua mAktug L898 the driest year for half a century over a considerable area. 
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Table XI. — continued. 

(2) Average Monthly Rainfall at various stations in British Isles daring 
30 Years, 1870-1899. 



Station. 


1 


1 


1 


1 


S 


S 
4 




■5 


1 


i 


> 

^ 


A 


i 


Englank. 








in, 


in. 


in. 


in. 


in. 


in. 


in. 


In. 


in. 


in. 


in. 


in. 


in. 


Camden Square . 


1-9 


1-6 


1-6 


1-7 


1-7 


21 


2-5 


2-4 


2-3 


2-8 


2-4 


21 


250 


Eastbourne 


2-7 


21 


2-0 


1-9 


1-6 


1-8 


2-4 


2-4 


31 


41 


3-7 


3-2 


310 


Hitchin 


1-8 


1-5 


1-5 


1-6 


1-9 


1-9 


2-5 


2-3 


2-3 


2-7 


2-6 


2-0 


24-7 


High Wyeombe . 


2-2 


1-8 


1-6 


1-6 


1-6 


1-8 


2-1 


2-1 


2-4 


2-9 


2-6 


2-3 


24-9 


Ely .... 


1-3 


11 


1-1 


1-4 


1-8 


2-0 


2-8 


2-4 


2-2 


2-4 


21 


1-5 


22-2 


Marlborough . 


2-6 


2-2 


1-9 


20 


1-9 


2-2 


2-8 


2-7 


2-6 


3-3 


3-3 


2-7 


30-2 


Barnstaple . . 


3-4 


2-8 


2-3 


2-2 


2-1 


2-3 


3-3 


3-4 


3-6 


4-9 


40 


41 


38-5 


Ross (Hereford) . 


2-7 


2-2 


1-7 


1-9 


21 


2-3 


2-8 


2-6 


2-7 


31 


2-9 


2-4 


29-4 


Ormskirk . 


2-7 


2-0 


2-2 


1'7 


2-1 


2-4 


3-4 


3-6 


3-4 


3-9 


3-2 


31 


33-7 


Cartmel (Lanes.) . 


3-9 


2-9 


31 


2-2 


2-4 


2-8 


3-9 


4'4 


4-4 


5-0 


4-3 


4-2 


43-7 


OldMalton(Yorks) 


1-9 


1-7 


1-8 


1-7 


1-9 


2-1 


2-6 


2-7 


2-3 


31 


2-5 


2-4 


26-7 


Kendal . . . 


5-2 


3-7 


3-8 


2-4 


2-9 


3-0 


4-3 


4-9 


4-6 


5-3 


4-9 


5-3 


50-4 


Wales. 




























Haverfordwest 


5-1 


3-7 


3-0 


2-6 


2-5 


2-6 


3-7 


4-0 


4-2 


5-6 


5-4 


5-2 


48-0 


Llandudno 


2-6 


2-0 


2-0 


1-8 


1-8 


20 


2-6 


2-9 


2-9 


41 


3-4 


2'9 


311 


Scotland. 




























Bothwell Castle\ 
(Lanark) . . / 


2-6 


1-9 


1-9 


1-4 


1-9 


2-2 


2-9 


3-2 


2-7 


2-6 


2-8 


2-8 


28-9 


WaulkGIen(Ken-\ 
frew) . . ./ 


5'2 


3-7 


3-5 


2-3 


2-7 


2-9 


3-4 


4-3 


4-3 


4-6 


50 


5-2 


46'9 


Loch Leveu . 


3-3 


2-8 


2-6 


2-0 


2-3 


2-4 


3-1 


3'7 


29 


3-6 


3-7 


3-7 


36-2 


Craigton . 


3-0 


2-9 


2-6 


2-6 


2-5 


2-7 


3-6 


4-1 


3-2 


3-5 


3-5 


3-5 


37-7 


Braemar . 


2-9 


2-7 


2-4 


2-2 


2-4 


2-4 


2-9 


3-8 


3-2 


41 


3-9 


31 


360 


lUELAND. 




























Portlaw (Water-l 
ford . . . ./ 


4-5 


3-7 


2-7 


2-9 


■2-5 


2-6 


3-2 


3-9 


3-2 


4-3 


41 


4-7 


42-2 


Bray .... 


3'- 8 


3-6 


2-9 


2-8 


2-6 


2-5 


2-9 


3-3 


30 


4-7 


4-4 


3-9 


40-5 


Ballinasloe 


3-5 


2-5 


2-4 


2-4 


2-5 


2-7 


3-4 


3-9 


3-2 


3-^ 


3-6 


3-6 


37-0 


Armagh . 


2-6 


2-1 


2-0 


2-0 


2-1 


2-5 


3-2 


3-3 


2-9 


3-0 


2-8 


2-8 


31-3 


Omagu (Tyrone) . 


3-4 


2-5 
2'5 


2-5 
2-3 


2-2 
2-1 


2-4 
2-2 


2-9 
2-4 


3-3 
31 


4-0 
3-3 


3-6 
31 


3-7 
3-7 


3-5 
3-5 


3-8 
3-4 


37-8 


Average of 24\ 
Stations . . . / 


3-1 


34-8 
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Table XII. — Daily and Hourly Maximum Eainfall. 



Greatest Ordinary Heavy 

Fall (as defined in 

" British Eainfall, " all 

beyond thisbi ingrecorded 

as " Exceptional "). 



Exceptional Falls recorded during the Teara 
1870 to 1899. 



24 



n 



Fall daring the Year. 
18' OS at Seathwaite, CnmbeTland, in 

1897 143-4 

7 ■ 74 at Ben Nevis Observatory in 1894 151-7 
6 - 70 at Angerton, near Morpeth, in 1898 36-9 
(During an extraordinary storm which lasted 
only about 3 hours.) 

6 - 00 at Tongue, Sutherland, in 1870 .. 35 - 1 
\5 - 00 at Blaenau Festiniog, in 1898 . 126 - 9 

'4 - 78 at Sittingboume, being 17 • 7 p. o. of 27 • 0. 
4-48 at Fakenham, being 16-2 p. o. of 27-6. 
4 • 45 at N. Ockendon, Essex, being 16-5 p. o. 

of 27-0. 
4-83 at Chnrchstoke, Montgomery, being 

16-1 P.O. of 30. 
,4-93 at Gal way, being 13 p. o. of 37-9. 

•1 inch, or at r^te-\\^''^^is92^- ^^"^ Bourton, Somerset, Jnly 16, 
of •SOin.perhr./jg inches.' Eotherham, September 15, 1880. 

-85inch,or atrate\ /3-07 inches = 2-05 in. per hour. Athlone^ 



2 J inches, where the 
total fall during 
the year exceeds 
33 inches. 



7-5 percent, of the 
fall during the 
yftar, where it 
does not exceed 
33 inches. 



June 25, 1880. 
2-58 inches. Sale, July 25, 1886. 



min. 
45 



30 
20 
15 
10 
5 



of -56 in. per hr./\ 

■75 inch 

' - 65 inch, Or at rate\ 
of • 87 in. per hr. / 

- 50 inch, or at rate\ J2 • 90 inches = 5 - 80 in. per hour. Cowbridge, 
of 1 in. per hr. / \ South Wales, July 22, 1880. 

•40inch, oratratel /1-48 inches = 4-44 in. per hour. Barnstaple, 
, of 1 - 20 in. per hr. | \ June 30, 1879. 

■•35inch, oret rate\/0-75 inch'= 3 in. per hour. Oxford, August 6, 
. ofl-40in.perhr./\ 1898. 



I - 30 inch, or at rate 
\ of 1-80 in. per hr. 



1 inch = 6 in. per hour. 

1878. 



London, June 23, 



•20inch, oratrate\ f -40 inch in 3 minutes = 8 in. per hour, 
of 2-40 in. perhr.J|\ London, June 23, 1878. 
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Table XIII. — Wateb Supply by Gkavitation — 
Note. — Dimensions of Service Keservoirs and Distributing 



Population 


Supply Bequired 

at 20 Gallons per 

Head. 


Area of 
Gathering 
Ground for 
12 Inches 
Available 
Kainfall. 


Storage Beservoir to Hold 
Supply for 150 Days. 




Daily. 


Equiva- 
lent per 
Minute. 






gallons 


gallons 


acres 










500 


10,000 


7 


13i 


175 ft 


diam 


. by 10 ft. deep 




1,000 


20,000 


14 


27 


226 


») 


12 „ 




2,000 


40,000 


28 


53i 


320 


fj 


12 „ 




8,000 


60,000 


42 


80J 


/391 
\ 2f 


51 

acres 


12 „ \ 
b.V 12 „ / 




5,000 


100,000 


70 


134 


31 


>j 


15 ,, 




6,000 


120,000 


84 


161 


a 


jj 


15 „ 




8,000 


160,000 


112 


215 


6 


»» 


15 „ 




10,000 


200,000 


139 


268 


/ 7i 

\ 5J 




15 „ \ 
20 „ / 




20,000 


400,000 


278 


536 


( 15 
1 11 




15 „ \ 
20 „ / 




30,000 


600,000 


417 


805 


16J 


f: 


20 „ 




50,000 


1,000,000 


694 


1340 


27J 


» 


20 „ 




60,000 


1,200,000 


833 


1610 


33 


»j 


20 „ 




80,000 


1,600,000 


1,111 


2145 

sq. miles 


44 


»» 


20 „ 




100,000 


2,000,000 


1,389 


4-2 


/ 55 

\ 44 




20 „ \ 
25 „ / 




500,000 


10,000,000 


6,944 


21 


/220 
\183 




25 „ \ 
30 ,. j 




1,000,000 20,000,000 


13,889 


42 


/440 
\367 




25 „ \ 
30 „ / 
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WoEKS for Given Population. 

Mains same as for Pumping Works. (See next page.) 





Filter Beds to Fase 600 aallona 
per Super. Yard in 24 Hours, 
allowing for one not in use. 


Main Conduit to Pass Supply in 
24 Hours, flowing continuously. 




No. 2. 


each 15 ft. by 


10 ft. 


/ 1§ inch, loss of head 1 
\ 2 „ „ ] 


in 120 
„ 400 




I' 


») 


20 


19 


15 „ 


/ 2 
\3 




„ 120 
I „ 1000 


' 


No. 3, 


j» 


30 


») 


10 „ 


3 

I 4 


99 n 


„ 240 
L „ 1000 




t» 


n 


30 


J> 


15 „ 


\5 




I „ 450 
„ 1200 




" 


» 


50 


)» 


15 „ 


/ 4 
1 6 




„ 160 
„ 1200 




)» 


)) 


50 


n 


18 „ 


[1 


J) )» 


[ „ 350 
L „ 900 




It 


»» 


60 


)» 


20., 


{? 




,. 500 
I „ 1000 




No. 4, 


or 


50 
32 ft. 


3q. 


20 „ 1 


/ 6 
\ 8 




[ „ 300 
L „ 1250 




No. 4, 


each 45 ft 


square . . 


/ 9 
110 




I „ 600 
I „ 1000 




1* 


» 


55 


•» 




flO 
\12 




I „ 450 
I „ 1000 




»» 


)) 


70 


j» 




fl2 
\15 


99 99 


L „ 400 
I „ 1200 




" 


*» 


76 


>» 




/12 
1 15 


n 99 

99 ») 


I „ 275 
I „ 850 




" 


)» 


90 


»i 




/15 
ll8 


» )) 


I „ 480 
L „ 1200 




No. 6 


Ji 


77i 


n 




flS 
121 


99 » J 


I „ 750 
I „ 1700 




f» 


» 


173 


V 




f 2§ feet, 

\ 3 >) »» 


[ „ 400 
I „ 1000 




i> 


») 


245 


99 




{I 




I „ 250 
I „ 1000 
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Table XIV. — ^Wateb Supply by Pcmpino — 



Popnlation. 


Snpply Required at 20 GalloDS 
per Head. 


Hours 

during 

which It is 

proposed 

to Pomp. 


Set Horse- 
power to 
raise to 
100 Feet 

Elevation. 






DaUy. 


Equivaleut 
per Minute. 




500 


gallons 
10,000 


gallons 

7 


4 


n 




1,000 


20,000 


14 


6 


If 




2,000 


40,000 


28 


10 


2 




3,000 


60,000 


42 


10 


3 




5,000 


100,000 


70 


10 


5 




6,000 


120,000 


84 


10 


6 




8,000 


160,000 


112 


10 


8 




10,000 


200,000 


139 


10 


lOi 




20,000 


400,000 


.278 


18 


"i 




30,000 


600,000 


417 


24 


12? 




50,000 


1,000,000 


694 


24 


21 




60,000 


1,200,000 


833 


24 


25i 




80,000 


1,600,000 


1,111 


24 


33i 




100,000 


2,000,000 


■1,389 


24 


42 




500,000 


10,000,000 


6,944 


24 


210 




1,000,000 


20,000,000 


13,889 


24 


421 
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WoBKS for Given Population. 





DlmensionB 

of Single 

Pump, 

workiiig 

10 Strokes 

per Minute. 


BimensioDB of 
Pumping Main. 


Service Reservoir to hold 
Three Days' Supply. 


Main Delivery 
Pipe to Pa&s at 
Kate of One-half 
in Four Hours. 




Diam 


Stroke. 


Diam. 


Loss of 
Head. 


Diam. 


Loss of 
Htad. 




in. 
8 


ft. in. 
2 


in. 
3 


1 in 110 


22 ft. 


eq. by 10 ft. deep 


in. 
3 


1 in 400 




9 


2 


4 


1 „ 450 


31 


W „ 


4 


1 „ 450 




10 


2 


5 


1 „ 500 


40 


12 „ 


5 


1 „ 350 




12 


2 1 


5 


1 „ 240 


49 


12 ,. 


6 


1 „ 380 




14 


2 6 


6 


1 „ 220 


56i 


15 „ 


8 


1 „ 580 




15 


2 8 


7 


1 „ 330 


62 


15 „ 


8 


1 „ 400 




16 


3 


8 


1 „ 350 


71i 


, 15 „ 


9 


1 „ 400 




18 


3 1 


9 


1 „ 400 


80 


15 „ 


10 


1 „ 450 




18 


3 4J 


9 


1 „ 335 


98 


20 „ 


15 


1 „ 850 




18 


3 9 


10 


1 „ 450 


120 


20 „ 


15 


1 >, 440 




21 


5 


12 


1 „ 400 


155 


20 „ 


18 


1 „ 310 




24 


4 3 


15 


1 „ 850 


170 


20 „ 


21 


1„ 500 




24 


5 8 


15 


1 „ 475 


196 


20 „ 


24 


1 „ 570 




24 


7 


18 


1 „ 770 


220 


20 „ 


27 


1 „ 650 




3-9 


10 


ft. in. 

2 6 


1 „ 385 


438 


25 „ 


ft. in. 
4 


1„500 




5-0 


U 4 


3 


1 „ 245 


620 


- 23 ,. 


6 


1 „ 880 
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HTBEAULIO AND OTHER TABLES, 



Table XVI.— Quantity of Briok-work in Cieoulab Sewebs, 
Culverts, or Wells. 

Note. — The quantity of earth displaced will be the sum of the 
contents and brickwork added together. 





Contents 


Brickw 


OTk per 






Contents 


Brickwork per 


Internal 


of 

One 

Lineal 


Lineal Yard. 


Internal 
Diameter. 


■ of 
One 
Lineal 
Yard. 


Lineal Yard. 


Diameter. 


a Incbes 


9 Inches 


9 Inches 


14 Inches 






Thick, 


Thick. 






Thick. 


Thick. 


n. in. 


cub. ft. 


cub. ft. 


cub. ft. 


ft. 


in. 


cub. ft. 


cub. ft. 


cub. ft. 


1 6 


5-3 


6-6 


15-9 


6 





84-8 


47-7 


75-6 


1 9 


7-2 


7-5 


17-7 


6 


6 


99-5 


51-2 


80-8 


2 


9-4 


8-4 


19-4 


7 





115-5 


54-8 


86-1 


2 3 


11-9 


9-3 


Sil-2 


7 


6 


132-5 


58-3 


91-5 


2 6 


14-7 


10- 1 


230 


8 





150-8 


61-8 


96-8 


2 9 


17-8 


110 


24-7 


8 


6 


170-2 


65-4 


102-1 


3 


21-2 


11-9 


26-5 


9 





190-S 


68-9 


107-4 


3 3 


24-9 


12-7 


28-3 


9 


6 


212-6 


72-4 


112-7 


3 6 


28-9 


13-7 


30-0 


10 





235-6 


70-0 


118-0 


3 9 


33- 1 


14-6 


31-8 


11 





285-1 


83-1 


128-5 


4 


37-6 


15 5 


33-6 


12 





339-3 


90-0 


139-1 


4 6 


47-7 


17-2 


37-1 


13 





398-2 


97-2 


149-8 


5 


58-9 


19-0 


40-6 


14 





461-8 


104-2 


160-35 


5 6 


71-3 


20-7 


44-2 


15 





530 -1 


111-3 


1710 



Table XVII. — Quantity of Bbickwoek in Egg-shaped Sewers. 





Contents 


Brickwork per 




Contents 


Brickw ^"r 


Internal 


of 

One 

Lineal 

Yard. 


Lineal Yard. 


Internal 
Dimensions. 


of 

One 

Lineal 

Yard. 


Lineal ^% 


Dimensions. 


Hin. 
Thick. 


9 In. 

Thick. 


4iln. 

Thick. 


9 In. 
Thick. 


fl. in. ft. in 


cub ft. 


cub. ft. 


cub. ft. 


ft. in. ft. in. 


cub. ft. 


cub. ft. 


cub. ft 


2 0X1 4 


6-0 


7-4 


16-5 


3 6x2 4 


18-5 


11-6 


25-5 


2 3x1 6 


8-2 


8-1 


18-8 


3 9x2 6 


21-2 


12-4 


26-9 


2 6X1 8 


9-4 


8-8 


20-1 


4 0x2 8 


24-2 


13-0 


28-3 


2 9x1 10 


11-4 


9-5 


21 4 


4 6x3 


32-9 


14-4 


31-1 


3 0x2 


13-6 


10-2 


22-7 


5 0x3 4 


37-7 


15-8 


34-0 


3 8x2 2 


15-9 


10-9 


24-0 


6 0x4 54-2 


18-8 


39-4 



In egg-shaped sewers about one-seventh part of the brickwork forms 
the invert, three-sevenths the top, and three-sevenths the sides. The 
two former should generally be built with radiating bricks of the 
radius required in each case. 
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Table XVIII. — Weight of Oast-Iron Pipes. 



Note. The weight includes proportion due to sockets, pipes . of 

2 and 2i inches diameter being in 6-leet lengths, pipes 3 to 12 inches 
inclusive in 9-feet lengths, and those of larger size in 12-feet lengths, 
exclusive of socket. 



Internal 


For Pressure not 
exceeding 150 Ftet. 


For Pressure not 
exceeding 300 Feet. 


For Pressure not 
exceeding 600 Feet. 


Diameter 
01 Pipe. 


Thick- 
ness of 
Metal. 


Weight 
per Yard. 


Thicli- 
ness of 
Metal. 


Weight 
per Yard. 


Thi(&- 
nehB of 
Metal. 


Weight 
per lard. 


inches 
2 


inch 


cwt. qre. W. 
24 


inch 


Dwt. qrs lbs 
26 


inch 


cwt. qis. lbs. 
10 


2i 


A 


10 


a 


12 


1 


1 6 


3 


A 


1 5 


ii 


19 


i 


1 14 


4 


ii 


1 22 


1 


1 26 


_7_ 
10 


2 5 


5 


f 


2 14 


tV 


2 21 


i 


3 4 


6 


1 


2 21 


tV 


3 5 


i 


3 21 


7 


^s 


3 24 


i 


1 12 


A 


I 1 


8 


9 


1 12 


i 


1 1 


9 


1 1 21 


9 


i 


1 1 12 


>»«- 


1 2 2 


1 


] 2 21 


10 


i 


12 


-^- 


1 2 21 


1 


1 3 14 


,12 


^ 


2 


f 


2 25 


ii 


2 1 21 


14 


i 


2 2 18 


\i 


2 3 21 


1 


3 21 


15 


1 


2 3 7 


H 


3 10 


U 


3 2 14 


16 


* 


3 


i 


3 2 9 


i 


4 21 


18 


a 


3 2 


f 


4 


H 


4 3 21 


21 


1 1 

To 


4 1 


ii 


5 


1 


1 14 


24 


i 


5 1 


i 


6 1 


n 


8 


27 


i 


6 


i« 


7 2 


IrV 


9 10 


30 


i 


7 3 14 


1 


8 3 21 


li 


11 1 


36 


1 


10 2 21 


H 


11 2 14 IJ 


15 3 14 
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